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Abstract: Our previom findings have demonstrated that bee venom (BV) has anti-cancer 
activity in several cancer cells. However, the effects of BV on lung cancer cell growth have 
not been reported. Cell viability was determined with trypan blue uptake, soft agar 
formation as well as DAPI and TUNEL assay. Cell death related protein expression was 
determined with Western blotting. An EMS A was med for nuclear factor kappaB (NF-kB) 
activity assay. BV (1-5 \y^mL) inhibited growth of lung cancer cells by induction of 
apoptosis in a dose dependent manner in lung cancer cell lines A549 and NCI-H460. 
Consistent with apoptotic cell death, expression of DR3 and DR6 was significantly 
increased. However, deletion of DRs by small interfering RNA significantly reversed BV 
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induced cell growth inhibitory effects. Expression of pro-apoptotic proteins (caspase-3 and 
Bax) was concomitantly increased, but the NF-kB activity and expression of Be 1-2 were 
inhibited. A combination treatment of tumor necrosis factor (TNF)-like weak inducer 
of apoptosis, TNF-related apoptosis- inducing ligand, docetaxel and cisp latin, with BV 
sjmergistically inhibited both A549 and NCI-H460 lung cancer cell growth with further 
down regulation of NF-kB activity. These results show that BV induces apoptotic cell 
death in lung cancer cells through the enhancement of DR3 expression and inhibition of 
NF-kB pathway. 

Keywords: bee venom; apoptosis; death receptors; NF-kB 



1. Introduction 

In a recent study, lung cancer was expected to account for 26% of all female cancer deaths and 
29% of all male cancer deaths in 2012 [1]. Lung cancer is very difficult to discover in the initial stage 
because it often does not cause any symptoms until it has spread to others organs [2,3]. Although 
several anticancer agents have been used to treat lung cancer, chemo -resistance is a major obstacle 
hindering the successful treatment of lung cancer patients [4]. Thus, appropriate chemopreventive 
coirpounds reducing or overcoming resistance is a very hopeful strategy for chemotherapy of lung 
cancer [5]. 

Bee venom (BV) has been traditbnally used for the treatment of back pain, rheumatism, and skin 
diseases due to its antibacterial, antiviral, and anti- inflammatory effects [6]. Previously, our studies 
have shown that BV inhibits cancer cell growth through the induction of apoptosis of prostate [7] and 
ovarian cancer cells [8,9]. BV treatment induces both caspase-dependent and caspase- independent 
apoptotic cell death through the activatbn of intracellular Ca(2+)-modulated intrinsic death pathway in 
human bladder cancer cells [10]. However, there is no information about the effect of BV on death 
receptors (DRs) mediated apoptosis in human lung cancer cells. 

Apoptosis pla}« an important role in anti-cancer effects of chemotherapeutics. Stimulation of DR 
expression is implicated in the induction of apoptosis in cancer cells, especially chemoresistant cancer 
cells. DRs are activated by the interaction of DRs with their ligands (interaction of DRl with tumor 
necrosis factor (TNF); DR2 with Fas ligand (FasL); DRS with Apo3L/TWEAK; DR4 and DR5 with 
TNF-related apoptosis-inducing ligand (TRAIL); ligand of DR6) has not been exactly defined [11]. 
When DRs bind to their ligands, death domains recruit the intracellular adaptor protein FADD 
(Fas- associated death domain protein) which results in the activation of caspases, including caspases-3, 
-8 and -9, as well as an increase of Bax and decrease of BCl-2 to induce apoptosis [12-14]. 

The nuclear fector kappa B (NF-kB) iamily plays an inportant role in several human cancer cell 
growths [15-17]. NF-kB gene products have also been shown to have importance in proliferative and 
anti- apoptotic activities that could contribute to the tumor development, progression, and resistance to 
therapy of tumor cells [17]. In lung cancer cells, a clear correlation between inactivation of NF-kB and 
an enhanced therapeutic effect was observed [18-20]; Genistein enhanced antitumor effects due to 
greater reduction in the DNA-binding activity of NF-kB [19]. Some chemotherapeutic agents such as 
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cisplatin, docetaxel, and doxorubicin induced the activation of NF-kB in the resistance of several 
cancer ceUs, and the reduction of NF-kB has been beheved to be responsible in the killing of drug 
resistant cancer cells [7,21,22]. Inactivation of NF-kB in combination with chemotherapeutic agents 
also leads to better tumor cellkilling effects in human cancers [23]. Thus, agents capable of suppressing 
NF-kB pathway may be potentially mefiil in the prevention and management of lung cancer growth 
and resistance. 

2, Results 

2.1. Effect of BV on Cell Growth in Lung Cancer Cells 

To assess the inhibitory effect of BV on cell growth of A549 and NCI-H460 cells, we analyzed 
cell viability by cell counting. Cells were treated with several concentrations of BV (1, 2 and 5 |j,g/mL). 
As shown in Figure 1 A, BV inhibited cellproliferationof lung cancer cells in a concentration-dependent 
manner. Morphologic observation showed that cells were gradmlly reduced in size and changed into 
a small round single cell shape by the treatment of BV on lung cancer cells. A 48 hovx treatment of BV 
inhibited A549 ceU growth with IC50 value of 2 |j.g/mL and NCI-H460 cell growth with IC50 value of 
3 |a.g^mL, respectively. However, the normal lung ceU (LL24 cells) growth was not affected by BV. 
To fLirther demonstrate the cancer cell growth inhibitory effect of BV, we assayed the colony forming 
assay. The number of colonies was concentration-dependently decreased by BV (Figure IB), and the 
concentration of BV for inhibition of colony formation was similar to the concentration for cell growth 
inhibition. Thus, BV inhibits lung cancer cell growth. 

Figure 1. Effect of BV on cell viability and colony formation of lung cancer cells. 
(A) Concentration-dependent effect of bee venom (BV) on cell viability of A549 and 
NCI-H460 cells as well as normal lung cell LL24. Relative cell sijrvival rate was 
determined by comting live and dead cells. Results were expressed as a percentage of viable 
cells; (B) Effect of BV-induced inhibition of colony formation in A549 and NCI-H460 
cells. Data are expressed as the mean ± S.D. of three experiments. * p < 0.05 indicates 
statistically significant differences from control group. 
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Figure 1, Cont. 
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2.2. Apoptotic Cell Death by BV 



To determine whether the inhibition of ceU growth by BV was due to the induction of apoptotic 
cell death, we evaluated the changes in the chromatin morphology of cells by ming DAPI staining 
tbllowed by TUNEL staining assays, and then the double labeled cells were analyzed by a fluorescence 
microscope. The IC50 with cell growth inhibition, DAPI-stained TUNEL-positive cells were significantly 
increased by BV (1-5 |a,g/mL) in both A549 andNCI-H460 cells in a concentration-dependent manner 
(Figijre 2). 

Figure 2, Etfect of BV on apoptotic cell death. Lung cancer cells were treated with BV 
(1, 2 and 5 |a,g^mL) for 24 h, and then labeled with DAPI and TUNEL solution. Total number 
of cells in a given area was determined by using DAPI nuclear staining (fluorescent 
microscope). A green color in the fixed cells marks TUNEL- labeled cells. Apoptotic index 
was determined as the DAPI-stained TUNEL-positive cell number/total DAPI stained cell 
number x 100 (magnification, 200x). Data are expressed as the mean ± S.D. of three 
experiments. * p < 0.05 indicates statistically significant ditferences from control cells. 
(A) Apoptotic ceU death of A549; (B) Apoptotic cell death ofNCIH460. 
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Figure 2. Cont. 
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2.3. Expression of Apoptotic Regulatory Proteins and Death Receptor by BV 

To figure out the mechanisms of apoptotic cell death, expression of apoptotic cell death related 
proteins was investigated by Western blots. The expressions of apoptotic proteins (cleaved-caspases 3, 
c leaved- caspases 9 and Bax) were increased, but Bcl-2 was decreased in both A549 and NCI-H460 
cells (Figijre 3 A). Apoptosis also can be induced by the stimulation of DRs' expression. Therefore, 
to investigate the expression of DRs in cancer cells undergoing apoptotic cell death, the expression of 
death receptor proteins such as DR3 and DR6 in A549 cells and DR3, DR4 and DR6 in NCI-H460 
cells were increased (Figiire 3B). To fLirther investigate the involvement of DR expression in cell 
death, cells were transfected with 100 nM siRNA of DRs for 24 h. Cell growth was assessed after 
the treatment with BV (2 |a,g/mL) for 24 h. As shown in Figure 4, the transfection of DR3 and DR6 
siRNA reversed BV-induced cell growth inhibition in A549 cells, and DR3 and DR4 siRNA also 
reversed BV-induced cell growth inhibition in NCI-H460 cells (Figure 4). 

Figure 3, Effect of BV on the expression of apoptosis regulatory proteins. (A) Expression 
of apoptosis regulatory proteins related intrinsic pathway was determined ming Western 
blot analysis with antibodies against caspase-3, caspase-9, bax, bcl-2 and P-actin (internal 
control); (B) Extrinsic pathway was determined using Western blot analysis with 
antibodies against FAS, DR3, DR4, DR5, DR6 and P-actin (internal control). Each band is 
representative for three experiments. 
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Figure 4. Elfect of DR knockdown on BV- induced lung cancer cells growth. Lung cancer 
cells were transfected with non-targeting control siRNA, DR3 or DR4 siRNA (100 nM) 
for 24 h; then, treated with BV (2 i^g/mL) at 37 °C for another 24 h. Relative cell survival 
rate was determined by counting Hve and dead cells. Results were expressed as a percentage 
of viable cells. Data are e5q)ressed as the mean ± S.D. of three experiments. * p < 0.05 
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2.4. Involvement ofNF-xB Signaling Pathway in Apoptotic Cell Death by BV 

A decrease in activity of NF-kB has been shown to be involved in apoptotic cell death in many 
cancer cells. Hence, we examined the DNA binding activity of NF-kB with EMS A (Figure 4A). 
BV has been shown to negatively regulate NF-kB by means of protein-protein interaction [6]. NF-kB 
activation in cancer cells highly correlates with the resistance to apoptotic cell death [24]. Therefore, 
to investigate whether BV can inactivate NF-kB, and thereby hinder its anti- apoptotic abiHty 
ultimately causing the cells to undergo apoptotic cell death, we assessed NF-kB activity in lung cancer 
cells treated with various concentrations of BV for 1 h In Figure 5, the constitutive activatbn of 
NF-kB was reduced by BV in a concentratbn dependent manner. To interpret the EMSA results, we 
performed Western blotting for the NF-kB proteins. Along with the inhibitory effect on NF-kB DNA 
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binding activity (Figure 5 A), we also found that BV concentration-dependently and markedly inhibited 
phosphorylatbnof IkB and translocation of p50 andp65 inboth A549 andNCI-H460 cells (Figure 5B). 
Furthermore, as shown in Applendix, confbcal microscopy observation showed significant inhibition of 
p50 and p65 nuclear translocation by BV treatment. To see whether DR3 expressbn could be related 
with NF-kB activity, we enployed siRNA of DR3 for NF-kB activity. siRNA of DR3 reversed 
BV- induced NF-kB inactivatbn in both A549 and NCI-H460 lung cancer cells (Figure 5). 

Figure 5. Effect of BV on NF-kB activation in lung cancer cells. Lung cancer cells treated 
with BV (1, 2 and 5 |j,g/mL) for 1 h, and then were lysed. (A) Nuclear extract was 
incubated in binding reactions of ^^P- end- labeled oligonucleotide containing the kB sequence. 
The present EMSA results are representatives of three experiments; (B) Cytosolic proteins 
were used to determine expression of IkB, p-IkB and P-actin (internal control) and nuclear 
proteins were used to expression of p50, p65 and histone HI (internal control) in lung 
cancer cells. Each band is representative for three experiments; (C) Effect of siRNA of 
DR3 on the BV- induced NF-kB inactivation Each band is representative of three e?q)eriments. 
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2.5. Combination of BV with TWEAK Further Induced DR3 Overexpression and Inactivation NF-kB 



Resistance of cancer cells for chemotherapeutics is associated with lower expressbn of DRs and 
higher activity of NF-kB. To further study whether BV could overcome chemoresistance of cancer 
ceUs, we co-treated lung cancer cells with a combination of a lower concentration of BV (1 ^g/mL) 
and TWEAK, a Hgand of DRS, since DRS was overexpressed by BV and siRNA of DRS reversed 
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the cell growth inhibitory elfect of BV in both cells. After co-treatment, lung cancer cell growth, 
overexpression of DR3 and inactivation of NF-kB were tested. As shown in Figure 6, we found that 
co-treatment of BV and TWEAK more inhibited lung cancer cell growth The expressbn of DR3 was 
also significantly higher in the combination treatment of BV and TWEAK coirpared to the expression 
by BV or TWEAK treatments alone (Figure 6A). We also found that co-treatment of BV and TWEAK 
inhibited activatbn of NF-kB at a higher level compared to BV or TWEAK abne (Figure 6B). 



Figure 6. Effect of co-treatment of BV and TWEAK in lung cancer cells. (A) Effect of 
pretreatment with TWEAK on the BV- induced inhibition of lung cancer cells. Lung cancer 
cells were treated with TWEAK for 24 h, and then treated with BV (1 |ig/mL) at 37 °C 
for another 24 h. Relative cell survival rate was determined by counting live and dead 
cells. Results were expressed as a percentage of viable cells. The expression of DR3 was 
determined by Western blot analysis with the antibody against DR3 and P-actin (internal 
control). Each band is representative for three experiments; (B) Effect of TWEAK on the 
BV-induced NF-kB inactivatioa The data are e?q)ressed as the mean ± S.D. of three 
e5q)eriments. * p < 0.05 indicates statistically significant differences from control cells. 
* p< 0.05 indicates significantly different fi-om BV treated cells. 
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2.6. Combinations of BVwith Chemotherapeutics on Inhibition of Lung Cancer Cell Growth, 
DR3 Over expression and Inactivation of NF-kB 

We treated lung cancer cells with 2 jx^mL BV with 200 n^mL TRAIL, 5 nM docetaxel or 10 |xM 
cisp latin since we prevbusly found the cells were resistant to these doses of chemotherapeutics [25-27]. 
Treatment of 2 |j,g/mL BV in combination with 200 ng/mL TRAIL, 5 nM docetaxel or 10 |a,M cisp latin 
resulted in a strong synergistic inhibitory effect on cell growth through further overexpressbn of DR3 
and inactivation of NF-kB in A549 cells (Figure 7A) and in NCI-H460 cells (Figure 7B). These results 
suggest that the combination of BV with lower doses of chemotherapeutics elicited significantly 
greater inhibition of lung cancer cell growth compared with either agent abne through further 
overexpressionof DR3 and inactivatbn of NF-kB. 

Figure 7. Effect of combinatbns of BV with chemotherapeutbs. (A) A549 cells were seeded 
and treated with the indicated concentrations of BV, TRAIL (or docetaxel or cisplatin) and 
BV with TRAIL (or docetaxel or cisplatin) combination, and then confirmed cell viabiHty, 
e5q)ressbn of DR3 and activation of NF-kB; (B) NCI-H460 cells were seeded and 
treated with the indicated concentratbns of BV, TRAIL (or docetaxel or cisplatin) or 
BV with TRAIL (or docetaxel or cisplatin) combination, and then confirm cell viabiHty, 
e5q)ressbn of DR3 and activation of NF-kB. Data are expressed as the mean ± S.D. of 
three experiments. * p < 0.05 indicates statistically significant differences from the control 
group, and * p < 0.05 indicates statistically significant differences from BV or TRAIL 
(or docetaxel or cisplatin) treated grovp. 
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Figure 7. Cont. 
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3. Discussion 



Bee venom (BV) has been used for the treatment of various diseases (back pain, rheumatism 
and skin diseases) and inhibits cancer cell growth through the inductbn of apoptosis in several types 
of cancer cells. The IC50 of cell growth inhilDition were 1.5-2.9 lag^mL in prostate cancer cells, and 
1.5 |j.g^mL in ovarian cancer cells, and about 7 |j,g/mL in human bladder cancer cells, respectively. 
Similar to these data, our present data also showed that BV inhibited cell growth of lung cancer cells 
in a concentration-dependent manner, and 48 h treatment of BV inhibited A549 cell growth with IC50 
value of 2 |J,g^mL, and NCI-H460 cell growth with IC50 values of 3 |j,g^mL, respectively. However, 
the normal lung cell growth was not changed by BV. This data indicates that BV could be effective in 
lung cancer cell growth inhibition with a similar range of concentration. However, a clear mechanism 
is not identified. The possible molecular targets of BV and its components for inhibition of cancer cell 
growth are numerous and different [28]. Previous stiodies have shown that BV and its components 
induce apoptosis via activatbn of caspase [7,8,29,30], phosp ho lipases A2 (PLA2) [31], matrix 
metalloproteinase-2 (MMP-2) [32] and VEGF [28,33]. In this study, we demonstrated that BV 
inhibited cancer cell growth in NSCLC (non-small cell lung cancer) A549 and NCI-H460 cells through 
the inductbn of apoptosis via increase ofDR e5q)ression and inhibitbn of NF-kB pathway. 

Several studies have demonstrated that natural compound-induced apoptosis in cancer cells could 
be related with the increase of DR e?q)ressioa Indomethacin and suUndac sulfide, one of the major 
metaboUtes of suUndac, activate caspase 8 and induce apoptosis by a fes-associating protein with death 
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domain (FADD)-dependent mechanism in Jurkat T cells [13]. Sulindac sulfide is believed to mediate 
its antitumorigenic effects by inducing apoptosis through an up-regulated DR5 and activated caspase 8 
in cobn and prostate cancer cell lines [14]. Our results showed that the expression of DR such as DR3 
and DR6 in A549 lung cancer cell and DR3, DR4 and DR6 in NCI-H460 lung cancer cell were 
increased. Moreover, treatment of DR3 and DR6 siRNA in A549, and DR3 and DR4 siRNA in 
NCI-H460 reversed BV-induced lung cancer cell growth inhibition Especially in both lung cancer 
ceUs, DR3 siRNA reversed BV-induced cell growth inhibition Our present data also showed that 
with the co-treatment of BV with TWEAK, the DR3 Hgand more effectively inhibited lung cancer cell 
growth. These results indicate that increased expressbn of DR3 could be significant in BV-induced 
lung cancer cell growth inhibition although differential DRs could be involved depending on the cell 
type. DR Hgands such as TRAIL induce apoptosis in a wide range of malignant cells, but several 
cancers show resistance to TRAIL. However, an increase of the DR expression could overcome human 
cancer resistance to TRAIL [9]. TRAIL has the ability of a combination effect with other anticancer 
agents by increasing DR expression For example, co-treatment of TRAIL with bortezomib increases 
anti-cancer effects through the overexpression of DRs in mammary carcinoma cells [34]. The 
combination of TRAIL with gemcitabine also synergistically increases anti-cancer effects through 
the expression of DRs in urothelial carcinoma cells [35]. Favokawain B (FKB) exerts a synergistic 
apoptotic effect when combined with TRAIL by increasing the expression of DR5 in prostate 
cancer [36]. Ozarelix-resistant cancer cells can be sensitized to TRAIL by co-treatment [37]. In our 
results, low effects of lung cancer cell growth inhibition by TRAIL, docetaxel and cisplatin were 
observed, but when these coirpounds were co-treated with BV, a noticeable increase of lung cancer 
cell growth inhibition was found. We also confirmed that an ability to overcome chemo-resistance 
through a co-treatment of these compounds with BV was associated with the increase of DR3 
overexpression In additbn, the combination treatment of BV and DRS ligand TWEAK further 
inhibited lung cancer cell growth and DR3 expression It was reported that inductbn of DRS was 
observed to overcome resistance to apoptosis in human erj^hro leukemic TP- 1 cells [S8]. Therefore, the 
ability of BV to overexpress DRS could be effective for lung cancer cell growth inhibition and 
overcome chemo-resistance in lung cancer cells. 

A cancer cell growth inhibitory effect was correlated with the down-regulation of various cell 
proliferative genes regulated by NF-kB [39]. Several studies have shown that NF-kB is constitutive ly 
activated in lung cancers [10,18,23]. Brucine improved apoptosis of lung cancer cells by inhibiting the 
activity of NF-kB [40]. Gemcitabine also inhibits lung cancer cells- growth through a decrease of 
NF-kB activity [41] and an acacetin treatment to lung cancer cells also leads to a concentration-dependent 
inhibition of DNA binding abilities of NF-kB causing cell growth inhibition [42]. In agreement with 
this notion, our data demonstrated that BV inhibits lung cancer cell growth through the inhibition of 
DNA binding activity of NF-kB. A decrease of NF-kB DNA binding activity was associated with 
the inhibitory effect of BV on the IkB phosphorylation and nuclear translocation of p50 and p65 in 
A549 and NCI-H460 cells. Death signaling may be antagonized by anti- apoptotic modulator proteins 
such as FLIP, members of the lAP femily, or proteins of the Be 1-2 femily [43]. BV also repressed 
the expressbn of anti-apoptotic proteins (Be 1-2), whereas it increased the expression of pro-apoptotic 
proteins (Bax, cleaved caspase-S, and cleaved caspase-9) which are regulated by NF-kB. Thus, BV 
may induce an alteration of apoptosis and anti-apoptosis regulatory protein expression that provides 
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a fevorable circumstance of the cancer cells to go into a death status. In addition, when TRAIL, 
docetaxel and cisplatin were co-treated with BV, a noticeable increase of lung cancer cell growth 
inhibition was associated with more inactivation of NF-kB than with treatment of these conpounds 
abne. It was found that in chemo-resistant human pancreatic cancer AsPC- 1, cell growth was inhibited 
through the ip-regulation of DR3 and down-reguktbn of NF-kB signaling [44]. We also found that 
(E)-2, 4-bis (p-hydroxyphenyl)-2-butenal has an inhibitory effect on the growth of lung cancer cells 
due to the induction of apoptosis through the vp-reguktion of DRs (DR3, DR5 and DR6) and equally 
the inactivatbn of NF-kB [45]. Recent studies on the signaling mechanisms of the DR have revealed 
that members of the NF-kB and caspase femiUes are key regulators of cell death. TNFAIP3 and NFkBIA, 
which is found to be vp-regulated by TRAIL, are inhibitors of the NF-kB pathway [46,47]. 
Anti-cancer activity of a novel parthenin analog is associated with the inactivation of NF-kB and \xp 
regulation of DR5 in human leukemia HL-60 cells [48]. Thus, it may suggest that the inactivation of 
NF-kB correlates with the increased expression of DRs. We also founded that treatment of BV with 
DRS siRNA reversed inactivation ofNF-KB and cell growth inhibitory etfects of BV, and also showed 
that co-treatment of BV with TWEAK has more effectively inactivated NF-kB through overexpression 
of DR3 in the chemo-resistant status. Thios, reduced NF-kB activity could be associated with inhibition 
of lung cancer cell growth through the up-regulation of DR3. Our results indicate that the natural toxin 
BV could be useful as an anti-cancer agent through the overexpression of DRS and inactivation of 
NF-kB for the treatment of lung cancer cells and drug resistant cancer cells. 

4. Experimental Section 

4.1. Materials 

BV was purchased from You-Miel Bee Venom Ltd. (Hwasoon, Jeonnam, Korea). The conpositbn 
of the BV was as follows: 45%-50% melittin, 2.5%-3% mast cell degranulating peptide, 12% 
phosphoHpase A2, 1% lysophosphoHpase A, 1%-1.5% histidine, 4%-5% 6-pentyl a-pyrone Hpids, 
0.5% secarpin, 0.1% tertiapin, 0.1% procamine, l.5%-2% hyaluronidase, 2%-3% amine, 4%-5% 
carbohydrate, and 19%>-27% of others, including protease inhibitor, glucosidase, invertase, acid 
phosphomonoesterase, dopamine, norepinephrine, and unknown amino acids, with 99.5%) purity. 

4.2. Cell Culture 

The human lung cancer cell lines A549 and NCI-H460 as well as normal lung cells LL24 were 
purchased from the American Type Culture Collection (Manassas, VA, USA). Cell cultures were then 
maintained at 37 °C in 5% CO2 humidified air. 

4.3. Cell Viability Assay 

Cell viability assay was performed as described previously [25]. 

4.4. Apoptosis Evaluation 

DAPI and TUNEL staining were performed as described prevbusly [25]. 
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4.5. Western Blot Analysis 

Western bbt analysis was performed as described previously [25]. Membranes were immunoblotted 
with primary specific antibodies: anti-caspase-3, caspase-9, Bcl-2 (1 :1000, Cell Signaling Technology), 
anti- DR3, DR4, DR5, DR6, TNF-Rl, TNF-R2, p50, p65, IkB, p-IkB, Bax and FAS (1/500, 
Santa Cruz Biotechnology, Dallas, TX, USA) were used in this study. 

4.6. Transfection (siRNA) 

Lung cancer cells (3 x 10"* cells/well) were plated in 24-well plates and transiently transfected 
with siRNA, using a mixture of siRNA and the WeFect-EX PLUS reagent in OPTI-MEN, according 
to the manufecturer's specification (WelGENE, Seoul, Korea). The transfected ceUs were treated with 
5 |xg/mL of BV for 24 h. DR3 siRNA seq. 5 '-GAAGCCCUAAGUACGGUUAtt; DR4 siRNA seq. 
5'-CUCUGAUGCUGUUCUUUGAtt; DR6 siRNA seq. 5 '-GCCUUCUAGUGUGAUGAAAtt. 

4. 7. Electromobility Shift Assay (EMSA) 

Electromobility shift assay was performed as described previously [25]. 

4.8. Immunofluorescence Staining 

Immunofluorescence staining was performed as described prevbusly [49]. Primary specific antibodies: 
anti-p50, p65 (1/500, Santa Cruz Biotechnology, Dallas, TX, USA) were used in this study. 

4.9. Soft Agar Formation Assay 

Cells (8 X 10^ per well) were suspended in BME (1 mL with 10% FES and 0.33% agar) and plated 
over a layer of solidified BME/10%) FBS/0.5%) agar (3.5 mL) with BV. Cultures were maintained 
at 37 °C in a 5% CO2 incubator for 10 days, and colonies were counted under a microscope. 

4. 1 0. Data Analysis 

Data were analyzed using the GraphPad Prism 4 ver. 4.03 software (GraphPad Software, La JoUa, 
CA, USA). Data are presented as mean ± S.D. Differences in all data were assessed by a one-way 
analysis of variance (ANOVA). Differences were considered significant atp< 0.05. 

5. Conclusions 

In this study, we indicated that natural toxin BV could be useful as an anti-cancer agent through the 
overexpression of DR3 and inactivation of NF-kB for the treatment of lung cancer cells and drug 
resistant cancer cells. Expression of pro-apoptotic proteins were concomitantly increased, but the 
NF-kB activity was inhibited. This study suggested that BV induces apoptotic cell death in lung cancer 
cells through the enhancement of DR3 expression and inhibition of the NF-kB pathway. 
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Figure Al, The effect of BV on normal cells. 
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Figure A2, Elfect of BV on translocation of p50 and p65 in lung cancer cells. 
Intracellular location ofp50 and p65 in A549 and NCI-H460 cells was determined by an 
immune fluo re- scence confocal scanning microscope (magnification, 400x). Doiible 
staining (Merge) with p50 or p65 and DAPI staining demonstrates the localization of p50 
and p65 in the nucleus. 

A549 DAPI pSO DAPI & p50 DAPI p6E DAPI & p6S 



Control 



Bee venom 
5 jig/mL 




NCI-H460 DAPI pSO DAPI&pSO DAPI pS5 DAPI & p65 



Control 



Bee venom 
5 tig/mL 




Conflicts of Interest 

The authors declare no conflict of interest. 
References 

1. Siegel, R.; Naishadham, D.; Jemal, A. Cancer statistics, 2012. Cancer J. Clin. 2012, 62, 10-29. 

2. Goncalves, A.S.; Macedo, A.S.; Souto, E.B. Therapeutic nanosystems for oncology nanomedicine. 
Clin. Transl Oncol 2012, 14, 883-890. 

3. Latz, C; Hmng, Q.; Kapadia, M.K.; Freitag, S.K. Metastasis to eyelid as initial presentation of 
non-small cell carcinoma. Ophthalmic Plast. Reconstr. Surg. 2009, 25, 406-408. 

4. Triller, N.; Korosec, P.; Kern, I.; Kosnik, M.; Debeljak, A. Multidrug resistance in small cell lung 
cancer: Expression of P-glycoprotein, multidrug resistance protein 1 and lung resistance protein in 
chemo-naive patients and in relapsed disease. Lung Cancer 2006, 54, 235-240. 

5. Wang, Y.; Zhang, Z.; Yan, Y.; Lemon, W.J.; LaRegina, M.; Morrison, C; Liibet, R; Yo^x, M. 
A chemically induced model for sqmmom cell carcinoma of the lung in mice: His topatho logy 
and strain smceptilDility. Cancer Res. 2004, 64, 1647-1654. 



Toxins 2014, 6 



2225 



6. Park, H.J.; Lee, S.H.; Son, D.J.; Oh, K.W.; Kim, K.H.; Song, H.S.; Kim, G.J.; Oh, G.T.; 
Yoon, D.Y.; Hong, J.T. Antiarthritic effect of bee venom: Inhibition of inflammation 
mediator generatbn by suppression of NF-kB through interactbn with the p50 subunit. 
Arthritis Rheum. 2004, 50, 3504-3515. 

7. Park, M.H.; Choi, M.S.; Kwak, D.H.; Oh, K.W.; Yoon do, Y.; Han, S.B.; Song, H.S.; Song, M.J.; 
Hong, J.T. Anti-cancer effect of bee venom in prostate cancer cells through activatbn of caspase 
pathway via inactivatbn of NF-kB. Prostate 2011, 71, 801-812. 

8. Jo, M.; Park, M.H.; KolHpara, P.S.; An, B.J.; Song, H.S.; Han, S.B.; Kim, J.H.; Song, M.J.; 
Hong, J.T. Anti-cancer effect of bee venom toxin and melittin in ovarian cancer cells through 
inductbn of death receptors and inhibition of JAK2/STAT3 pathway. Toxicol. Appl. Pharmacol. 
2012, 258, 72-81. 

9. Wang, C; Chen, T.; Zhang, N.; Yang, M.; Li, B.; Lio, X.; Cao, X.; Ling, C. Melittin, a major 
component of bee venom, sensitizes human hepatocellular carcinoma cells to tumor necrosis 
factor- related apopto sis- inducing ligand (TRAIL)- induced apoptosis by activating 
CaMKn-TAKl-JNK/p38 and inhibiting iKBalpha kinase-NPKB. J. Biol. Chem. 2009, 284, 
3804-3813. 

10. Ip, S.W.; Chu, Y.L.; Yu, C.S.; Chen, P.Y.; Ho, H.C.; Yang, J.S.; Huang, H.Y; Chueh, F.S.; 
Lai, T.Y.; Chung, J.G. Bee venom induces apoptosis through intracellular Ca^^ -modulated 
intrinsic death pathway in human bladder cancer cells. Int. J. Urol 2012, 19, 61-70. 

11. Inoue, N.; Matsuda, F.; Goto, Y.; Manabe, N. Role of cell-death Ugand-receptor system of 
granulosa cells in selective follicular atresia in porcine ovary. J. Reprod. Dev. 2011, 57, 169-175. 

12. Zhu, H.; Ling, W.; Hu, B.; Su, Y.; Qiu, S.; Xiao, W.; Qi, Y. Adenovirus El A reverses the 
resistance of normal primary human lung fibroblast cells to TRAIL through DR5 vpregulation 
and caspase 8-dependent pathway. Cancer Biol Ther. 2006, 5, 180-188. 

13. Han, Z.; Pantazis, P.; Wyche, J.H.; Kouttab, N.; Kidd, V.J.; Hendrickson, E.A A Fas-associated 
death domain protein-dependent mechanism mediates the apoptotic action of non-steroidal 
anti- inflammatory drugs in the human leukemic Jurkat cell line. J. Biol. Chem. 2001, 276, 
38748-38754. 

14. Huang, Y.; He, Q.; HUlman, M.J.; Rong, R.; Sheikh, M.S. Sulindac sulfide- induced apoptosis 
involves death receptor 5 and the caspase 8-dependent pathway in human cobn and prostate 
cancer cells. Cancer Res. 2001, 61, 6918-6924. 

15. Baud, v.; Karin, M. Is NF-kB a good target for cancer therapy? Hopes and pitfalls. 
Nat. Rev. DrugDiscov. 2009, 8, 33-40. 

16. Nakshatri, H. ; Bhat-Nakshatri, P.; Martin, D.A. ; Goulet, R.J., Jr.; Sledge, G.W., Jr. Constitutive 
activation of NF-kB during progression of breast cancer to hormone- independent growth. 
MoL Cell Biol. 1997, 17, 3629-3639. 

17. Karin, M.; Cao, Y.; Greten, F.R.; Li, Z.W. NF-kB in cancer: From innocent bystander to 
major culprit. Nat. Rev. Cancer 2002, 2, 301-310. 

18. Cramer, F.; Christensen, C.L.; Poulsen, T.T.; Badding, M.A.; Dean, D.A.; Poulsen, H.S. Insertion 
of a nuclear fector k B DNA nuclear-targeting sequence potentiates suicide gene therapy efficacy 
in lung cancer cell lines. Cancer Gene Ther. 2012, 19, 675-683. 



Toxins 2014, 6 



2226 



19. Gadgeel, S.M.; Ali, S.; Philip, P.A.; Wozniak, A.; Sarkar, F.H. Genistein enhances the effect of 
epidermal growth factor receptor tyrosine kinase inhibitors and inhibits nuclear factor k B in 
nonsmall cell lung cancer cell lines. Cancer 2009, 115, 2165-2176. 

20. Liao, H.F.; Kuo, CD.; Yang, Y.C.; Lin, CP.; Tai, H.C.; Chen, Y.Y.; Chen, Y.J. Resveratrol 
enhances radiosensitivity of human non-small cell lung cancer NCI-H838 cells accompanied by 
inhibition of nuclear fector-K B activatioa J. Radiat. Res. 2005, 46, 387-393. 

21. Lind, D.S.; Hochwald, S.N.; Malaty, J.; Rekkas, S.; Hebig, P.; Mishra, G.; MoHawer, L.L.; 
Copeland, E.M., 3rd; Mackay, S. Nuclear fector-icB is vpregulated in colorectal cancer. Surgery 
2001, 130, 363-369. 

22. Ban, J.O.; Lee, H.S.; Jeong, H.S.; Song, S.; Hwang, B.Y.; Moon, D.C; Yoondo, Y.; Han, S.B.; 
Hong, J.T. Thiacremonone augments chemotherapeutic agent-induced growth inhibition in human 
colon cancer cells through inactivation of nuclear facto rK-B. Mol. Cancer Res. 2009, 7, 870-879. 

23. Li, Y.; Ahmed, F.; AM, S.; Philip, P.A; Kucuk, O.; Sarkar, F.H. Inactivation of nuclear tactor kB 
by soy isoflavone genistein contrfcutes to increased apoptosis induced by chemotherapeutic agents 
in human cancer cells. Cancer Res. 2005, 65, 6934-6942. 

24. Pahl, H.L. Activators and target genes of RcI/NF-kB transcription factors. Oncogene 1999, 18, 
6853-6866. 

25. Ban, J.O.; Yuk, D.Y.; Woo, K.S.; Kim, T.M.; Lee, U.S.; Jeong, H.S.; Kim, D.J.; Chung, Y.B.; 
Hwang, B.Y.; Oh, K.W.; et al. Inhfcition of cell growth and induction of apoptosis via inactivation 
of NF-kB by a sulfurcompound isolated from garlic in human colon cancer cells. 
J. Pharmacol. Sci. 2007, 104, 374^383. 

26. Kim, S.M.; Lee, S.Y; Cho, J.S.; Son, S.M.; Choi, S.S.; Yun, Y.P.; Yoo, H.S.; Yoon do, Y; 
Oh, K.W.; Han, S.B.; et al. Combination of ginsenoside rg3 with docetaxel enhances the 
susceptibiHty of prostate cancer cells via inhibitbnof nf-Kb. Eur. J. Pharmacol. 2010, 631, 1-9. 

27. Lee, S.Y; Cho, J.S.; Yuk, D.Y; Moon, D.C; Jung, J.K.; Yoo, H.S.; Lee, Y.M.; Han, S.B.; 
Oh, K.W.; Hong, J.T. Obovatol enhances docetaxel- induced prostate and cobn cancer cell death 
through inactivatbn of nuclear transcription fector-Kb. ^ Pharmacol. Sci. 2009, 111, 124—136. 

28. OrsoHc, N. Bee venom in cancer therapy. Cancer Metastasis Rev. 2012, 31, 173-194. 

29. Ip, S.W.; Liao, S.S.; Lin, S.Y.; Lin, J.P.; Yang, J.S.; Lin, M.L.; Chen, G.W.; Lu, H.F.; Lin, M.W.; 
Han, S.M.; et al. The role of mitochondria in bee venom- induced apoptosis in human breast 
cancer MCF7 cells. In Vivo 2008, 22, 237-245. 

30. Moon, D.O.; Park, S.Y; Heo, M.S.; Kim, K.C.; Park, C; Ko, W.S.; Choi, Y.H.; Kim, G.Y. 
Key regulators in bee venom- induced apoptosis are Be 1-2 and caspase-3 in human leukemic U937 
cells through do wnregulation of ERK and Akt. Int. Immunopharmacol. 2006, 6, 1796-1807. 

31. Valentin, E.; Lambeaio, G. What can venom phospho lipases A(2) tell us about the functional 
diversity of mammalian secreted phospho lipases A(2)? Biochimie 2000, 82, 815-831. 

32. Ho He, L.; Song, W.; Ho He, E.; Wei, Y.; Li, J.; Wagner, T.E.; Yu, X. In vitro- and in vzVo-targeted 
tumor lysis by anMMP2 cleavnble melittin-LAP fLis ion protein. Int. J. Oncol. 2009, 35, 829-835. 

33. Huh, J.E.; Back, Y.H.; Lee, M.H.; Choi, D.Y.; Park, D.S.; Lee, J.D. Bee venom inhibits tumor 
angiogenesis and metastasis by inhibiting tyrosine phosphorylation of VEGFR-2 in 
LLC-tumor- bearing mice. Cancer Lett. 2010, 292, 98-1 10. 



Toxins 2014, 6 



2227 



34. Shanker, A.; Brooks, A.D.; Tristan, C.A.; Wine, J.W.; Elliott, P.J.; Yagita, H.; Takeda, K.; 
Smyth, M.J.; Murphy, W.J.; Sayers, T.J. Treating metastatic solid tumors with bortezomib and 
a tumor necrosis fector-related apoptosis- inducing ligand receptor agonist antibody. J. Natl. 
Cancer Inst. 2008, 100, 649-662. 

35. Moibi, J. A.; Mak, A.L.; Sun, B.; Moore, R.B. Urothelial cancer cell response to combination 
therapy of gemcitabine and TRAIL. Int. J. Oncol. 2011, 39, 61-71. 

36. Tang, Y.; Li, X.; Liu, Z.; Simoneau, A.R.; Xie, J.; Zi, X.; Flavokawain, B. A kava chalcone, 
induces apoptosis via vp-regulation of death-receptor 5 and Bim e5q)ression in androgen receptor 
ne^tive, hormonal refractory prostate cancer cell lines and reduces tumor growth. J. Int. Cancer 
2010, 127, 1758-1768. 

37. Festuccia, C; Dondi, D.; Piccolella, M.; Locate Hi, A; Gravina, G.L.; Tombolini, V.; Ozarelix, M.M. 
A fourth generation GnRH antagonist, induces apoptosis in hormone refractory androgen receptor 
negative prostate cancer cells modulating expression and activity of death receptors. Prostate 
2010, 70, 1340-1349. 

38. Bodmer, J.L.; Burns, K.; Schneider, P.; Hofmann, K.; Steiner, V.; Thome, M.; Bornand, T.; 
Hahne, M.; Schroter, M.; Becker, K.; et al. TRAMP, a novel apoptosis-mediating receptor with 
seqijence homology to tumor necrosis fector receptor 1 and Fas(Apo-l/CD95). Immunity 1991, 6, 
79-88. 

39. Barkett, M.; Giknore, T.D. Control of apoptosis by RcI/NF-kB transcription factors. Oncogene 
1999, 18, 6910-6924. 

40. Zhu, G.; Yin, F.; Deng, X. Effect of NF-kB on inhibition of non-small cell lung cancer cell 
cyclooxygenase-2 by brucine. China J. Chin. Mater. Med. 2012, 37, 1269-1273. 

41. Jones, D.R.; Broad, RM.; Comeau, L.D.; Parsons, S.J.; Mayo, M.W. Inhibitbn of nuclear fector 
kB chemosensitizes non-small cell lung cancer through cytochrome c release and caspase 
activatioa J. Thorac. Cardiovasc. Surg. 2002, 123, 310-317. 

42. Chien, S.T.; Lin, S.S.; Wang, C.K.; Lee, Y.B.; Chen, K.S.; Fong, Y.; Shih, Y.W. Acacetin inhibits 
the invasion and migratbn of human non-small cell lung cancer A549 cells by svppressing 
thep38a^haMAPK signaling pathway. Mol. Cell. Biochem. 2011, 350, 135-148. 

43. Herr, I.; Ucur, E.; Herzer, K.; Okouoyo, S.; Ridder, R; Krammer, P.H., vonKnebel Doeberitz, M.; 
Debatin, K.M. Glucocorticoid co treatment induces apoptosis resistance toward cancer therapy in 
carcinomas. Cancer Res. 2003, 63, 3112-3120. 

44. Murtaza, I.; Adhami, V.M.; Hafeez, B.B.; Saleem, M.; Mukhtar, H. Fisetin, a natural flavonoid, 
targets chemo resistant human pancreatic cancer AsPC-1 cells through DR3- mediated inhibition of 
NF-kB. Int. J. Cancer 2009, 125, 2465-2473. 

45. KoUipara, P.S.; Jeong, H.S.; Han, S.B.; Hong, J.T. Anti-pro liferative effect of (E)-2,4-bis 
(p-hydroxyphenyl)-2-butenal by suppression of NF-kB and up regulation of DR5 via 
up-regulationofp38 MAPK inNSCLC. Br. J. Pharmacol. 2013, 168, 1471-1484. 

46. Cooper, J.T.; Stroka, D.M.; Brostjan, C; Paknetshofer, A; Bach, F.H.; Ferran, C. A20 bbcks 
endothelial cell activation through a NF-icB-dependent mechanism. J. Biol Chem. 1996, 271, 
18068-18073. 



Toxins 2014, 6 



2228 



47. Daigeler, A.; Brenzel, C; Bulut, D.; Geisler, A.; Hilgert, C; Lehnhardt, M.; Steinau, H.U.; 
Flier, A; Steinstraesser, L.; Klein-Hitpass, L.; et al. TRAIL and Taurolidine induce apoptosis and 
decrease proliferation in human fibrosarcoma. J. Exp. Clin. Cancer Res. 2008, 27, 
doi:10.1 186/1756-9966-27-82. 

48. Kumar, A.; Malik, F.; Bhushan, S.; Shah, B.A.; Taneja, S.C.; Pal, H.C.; Wani, Z. A; Mondhe, D.M.; 
Kaur, J.; Singh, J. A novel parthenin analog exhibits anti-cancer activity: Activatbn of apoptotic 
signaling events through robust NO formatbn in human leukemia HL-60 ceUs. Chem. Biol. Interact. 
2011, 193, 204^215. 

49. Lee, S.H.; Son, S.M.; Son, D.J.; Kim, S.M.; Kim, T.J.; Song, S.; Moon, D.C.; Lee, H.W.; 
Ryu, J.C; Yoon, D.Y.; et al. EpothUones induce human colon cancer SW620 cell apoptosis via 
the tubulin polymerization independent activation of the nuclear fector-icB/lKB kinase signal 
pathway Mol. Cancer Ther. 2007, 6, 2786-2797. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attributbn Hcense 
(http://creativecommons.or^Ucenses/by/3.0/). 



